Background: Disruption of circadian rhythms has been associated with obesity in children and adolescents, and with hypertension in adults, in industrialized populations. Objective: We examined cross-sectional associations between sleep duration or television viewing and obesity and blood pressure in Brazilian adolescents. Design: The sample consisted of 4452 adolescents aged 10-12 years participating in a prospective birth cohort study in Pelotas, Brazil. Sleep duration and television viewing were determined through questionnaires. Obesity was assessed using international cut-offs for body mass index (BMI), and body fatness by skinfold thicknesses. Blood pressure was measured using a validated monitor. Results: Short sleep duration was associated with increased BMI, skinfolds, systolic blood pressure, activity levels and television viewing. Each hour of sleep reduced BMI by 0.16 kg/m 2 (s.e. 0.04), and was associated with odds ratio for obesity of 0.86 (s.e. 0.04), both Po0.001. Television viewing was associated with increased BMI and skinfolds, and increased blood pressure. The effects of sleep duration and television viewing on obesity were independent of one another. Their associations with blood pressure were mediated by body fatness. Conclusions: Both short sleep duration and increased television viewing were associated with greater body fatness, obesity and higher blood pressure, independently of physical activity level. These associations were independent of maternal BMI, identified in other studies as the strongest predictor of childhood obesity. Our study shows that behavioural factors associated with metabolic risk in industrialized populations exert similar deleterious effects in a population undergoing nutritional transition and suggest options for public health interventions.
Introduction
Disruption of circadian rhythms is increasingly understood to influence human health. Many hormones involved in growth, energy balance and the process of maturation have a significant diurnal rhythm, 1, 2 and recent studies have shown that the concentrations of hormones playing key roles in energy balance are regulated by the duration of sleep. 3, 4 Whereas leptin (signalling satiety) was reduced in those with short sleep duration, ghrelin (signalling appetite) was
increased. These studies also demonstrated direct evidence of increased appetite in those sleeping shorter hours. Consistent with this evidence, several studies have further associated decreased sleep duration with an increased risk of overweight and obesity in children and adolescents. [5] [6] [7] [8] [9] [10] [11] These studies suggest a plausible role of secular trends in sleep patterns in the current epidemic of childhood obesity. Consistent with that hypothesis, a study of children and adolescents in Switzerland showed a systematic decrease in sleep duration over 12 years in three birth cohorts, 12 while adult sleep duration has also declined in the United States. 13 However, whether such trends are more widespread requires confirmation. Sleeping patterns have also been suggested to contribute to the increasing prevalence of hypertension. Experimental sleep deprivation induces increases in blood pressure in both normotensive and hypertensive individuals, [14] [15] [16] while long-term administration of melatonin, the sleep-promoting hormone, has been shown to reduce blood pressure in hypertensives. 17 Since blood pressure typically falls with the onset of sleep and remains low until awakening, a decreased duration of sleep is predicted to raise average 24 h blood pressure. 18 Again, consistent with this evidence, short sleep duration has recently been associated with the risk of hypertension in two large cohort studies of adults in United States adults aged 32-59 years, 18 and 40-100 years. 19 Other studies have associated short sleep duration with an increased prevalence of diabetes and impaired glucose tolerance in adults of middle or old age, independently of obesity status, 20 although a longitudinal study found that both short and long sleep duration increased the risk of developing type 2 diabetes. 21 Collectively, these studies suggest a generic link between sleep patterns and risk of the metabolic syndrome. However, whether such associations extend beyond Western industrialized populations remains unknown. Disruption of circadian rhythms has been attributed not only to sleeping patterns, but also to the scheduling of dietary intake. 2 Children's food consumption patterns in turn have been linked with television viewing, 22 which also impacts on sleeping pattern. 23 Television is furthermore an established risk factor for childhood obesity. 24, 25 However, there is a dearth of large studies simultaneously considering the differential associations of sleep duration, television viewing and physical activity with indices of metabolic risk.
To address this issue, we investigated the associations between (1) sleep duration and television viewing and (2) obesity, body fatness and blood pressure in a population of adolescents in Pelotas, southern Brazil.
Methods
In 1993, a birth cohort study was initiated in Pelotas, a medium-sized southern Brazilian city. Mothers of all hospital born children (n ¼ 5304) were invited to join the study; on that occasion, over 99% of all deliveries in Pelotas took place in hospitals. Over 99% (n ¼ 5265) of mothers agreed to participate in the study. Since 1993, the national mortality system has been monitored, and deaths of cohort members are entered in the study database. A detailed description of the cohort has been presented recently.
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Baseline measurements Mothers were interviewed soon after delivery on family characteristics, gestation-related variables and behaviour. Socio-economic status was categorized using the Brazil Criteria of Economic Classification, which takes into account household assets, domestic employees and education of the family head, dividing families into five groups (A-E), where A is the wealthiest. 27 Maternal education was categorized in terms of completed years. Maternal pre-pregnancy weight was reported, and maternal height was measured, for the calculation of maternal body mass index (BMI: kg/m 2 ). Maternal smoking behaviour and alcohol intake during pregnancy were recorded, along with birth order, gestational age and sex of the infant. Newborns were weighed using paediatric scales (precision 10 g).
Follow-up measurements
In 2004-2005, a follow-up visit to all cohort members was planned. Subjects were mainly located on the basis of a school census (approximately 100 schools), and a city-wide census (approximately 100 000 households). Data in 2004-2005 were collected through home visits by trained interviewers. Ethical approval was obtained from the Federal University of Pelotas Medical School Ethics Committee, affiliated with the National Research Council. Written informed consent was obtained from mothers, and verbal assent from adolescents, prior to the interview.
Weight was measured using an electronic scale (precision 100 g). Height was measured using a portable stadiometer (precision 1 mm). Triceps and subscapular skinfolds were measured using a Cescorf caliper (precision 1 mm). Interviewers were standardized in the measurements; error margins from the National Centre for Health Statistics 28 were used as the maximum acceptable limits in standardization sessions. Adolescent BMI data were used to classify children as overweight or obese according to the international cut-offs of Cole et al.
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Blood pressure was measured using a digital portable wrist monitor OMRON (Beijing, China; margin of error: 3 mm Hg) at the beginning and end of the interview (60 min apart), validated in the Brazilian population. 30 The mean value was used in the present analyses. Risk of high systolic blood pressure was defined as equal to or above 120 mm Hg, and risk of high diastolic blood pressure was defined as equal to or above 80 mm Hg. Physical activity was evaluated using a questionnaire covering transportation mode to and from school, and leisure time physical activity practice (formal or informal). 31 The questionnaire also included information on numbers of hours per week day and weekend of television viewing to the nearest 10 min, from which a weighted daily average was calculated. Information was also collected from each adolescent about the typical weekday (not weekend) time at which he/she went to bed and woke up, to the nearest 10 min. Typical daily weekday sleep duration was calculated from these data.
Analyses and statistics
Sleep duration was categorized asp8, 8-10.9 orX11 h per day. Television viewing was categorized as o2, 2-3.9 orX4 h per day. We first examined potential associations of sleep and television viewing patterns with baseline variables, that is Sleep, TV and obesity in Brazilian adolescents JCK Wells et al family background; maternal pregnancy experience and pre-pregnancy BMI; and offspring sex, birth-order and birthweight. We used analysis of variance (ANOVA) to assess differences in mean sleep duration or television viewing according to baseline variables, while w 2 -tests were used to assess differences in the frequency of sleep duration or television viewing categories according to baseline categories. An inverse correlation between sleep duration and television viewing was noted, indicating high collinearity between these variables. Subsequent statistical analyses therefore considered sleep duration and television viewing separately.
We next examined associations between sleep patterns or television viewing and proximate outcomes assessed in adolescence, including body composition and physical activity level. ANOVA was used to examine differences in outcomes according to the three categories of sleep duration or television viewing. Regression analyses were undertaken, determining the association between sleep duration or television viewing and other outcomes, adjusting for a variety of potential confounding factors. We also considered the two primary outcomes (BMI and blood pressure) according to the four groups: above versus below median television viewing, according to above versus below median sleep duration.
Finally, the association between sleep duration or television viewing and risk of hypertension or obesity was assessed using logistic regression, again adjusting for potential confounders.
Results
Out of 5265 eligible children, 5249 joined the birth cohort study. Based on the Brazilian mortality system, we detected 141 deaths between birth and the 11 years visit. In this later visit, 4452 subjects were interviewed and examined; added to the 141 known to have died, this represents a follow-up rate of 87.5%. We have previously shown that losses to follow-up were not associated with key variables at birth, for example socio-economic level, birthweight or maternal BMI. 31 Of . A total of 1204 adolescents (27.1%) reported watching television less than 2 h per day, while 1384 (31.2%) reported watching television more than 4 h per day. Prevalence of obesity was 5.0% (n ¼ 222), and overweight (excluding obesity) 16 .6% (n ¼ 737), according to the international criteria. Risk of high systolic blood pressure was detected in 7.1% (n ¼ 313), while risk of high diastolic blood pressure was found in 4.9% (n ¼ 218) of the cohort members. Table 1 presents unadjusted data on sleep duration according to variables collected in 1993. Boys slept, on average, significantly less than girls (Po0.05). Socio-economic level was inversely associated with sleep duration, and so was birthweight (Po0.02). No significant associations were detected for maternal pre-pregnancy BMI or parity (Table 1) , nor for gestational age, maternal smoking and alcohol intake during pregnancy (data not shown). w 2 -Tests confirmed a significantly increased proportion of adolescents with longer sleep duration in girls, in adolescents from poorer backgrounds or of lower level of maternal education, and with lower birthweight. The latter association was partially accounted for by the association between birthweight and maternal social status (regression coefficient reduced from 0.20 to 0.14; data not shown). Obesity was associated with maternal social status, with prevalence values from richest to poorest social status groups being 17.1, 16.7, 13.6, 9.0 and 2.9% respectively. Table 2 presents equivalent data for television viewing. Television viewing was significantly greater in girls compared to boys (Po0.001), in adolescents from wealthier backgrounds (Po0.001) and in adolescents of normal compared to lower birthweight (Po0.05). The latter association was not accounted for by the association between birthweight and maternal social status. There was no significant association between television viewing and maternal BMI. w 2 -Tests further demonstrated a significantly increased proportion of adolescents with greater television viewing in girls, and in adolescents from wealthier backgrounds or lower level of maternal education. Physical activity, calculated from the questionnaires, was not independently associated with obesity risk. Table 3 shows crude and adjusted regression analyses for the associations between sleep duration and body composition, blood pressure and physical activity. In the adjusted analyses, sleep duration remained significantly inversely associated with all the outcomes except diastolic blood pressure. Those who slept less were significantly more active (Po0.01). In the adjusted analyses, each hour of sleep was associated with a reduction of 0.16 kg/m 2 in BMI, 0.16 mm in triceps skinfold and 0.17 mm in subscapular skinfold. Figure 1 shows the inverse association between sleep duration and television viewing (Po0.001). The association between sleep duration and systolic blood pressure remained significant when television viewing was included in the model, but was no longer significant when adjustment for BMI was incorporated (data not shown). There was no evidence that these associations differed between boys and girls. Table 4 shows crude and adjusted regression analyses for the associations between television viewing, body Sleep, TV and obesity in Brazilian adolescents JCK Wells et al composition and blood pressure. In both crude and adjusted analyses, television viewing was significantly directly associated with all the outcomes. The associations between television viewing and blood pressure were stronger than equivalent associations for sleep duration. The associations between television viewing and systolic or diastolic blood pressure remained significant when sleep duration was adjusted for, but became no longer significant once adjustment for BMI or either skinfold was incorporated (data not shown). Again, there was no evidence that these associations differed between boys and girls. Table 5 presents odds ratios (ORs) for the risk of overweight or obesity according to sleep duration, adjusting for confounders. Using the shortest duration of sleep as the reference category, the OR of obesity was significantly reduced in dose-response manner for those sleeping longer. Each hour of sleep was associated with an OR of obesity of 0.86 (s.e. 0.04), Po0.01. The association remained significant after additional adjustment for television viewing. Table 6 presents ORs for the risk of overweight and obesity according to television viewing, adjusting for confounders. Using the shortest duration of television viewing as the reference, increased television viewing was associated with significantly increased likelihood of both overweight and obesity, and this remained significant once adjustment for sleeping hours was added.
To better examine interactions between television viewing and sleep duration, a combined variable was created, in four categories: (1) above median sleep duration and below median television viewing, (2) above median sleep duration and television viewing, (3) below median sleep duration and television viewing and (4) below median sleep duration and above median television viewing. Mean levels of BMI and systolic blood pressure were highest in group (4) and lowest in group (1), as expected from the previous results. However, the effect of the combined variable did not reach statistical significance, unlike the effects of the separate variables described above.
Discussion
Previous research has linked disruption of circadian rhythms, in the form of short sleep duration, with an increased risk of childhood and adolescent obesity in several Sleep, TV and obesity in Brazilian adolescents JCK Wells et al industrialized populations. [4] [5] [6] [7] [8] [9] [10] Television viewing has also been linked with obesity 24, 25 and high blood pressure in children. 32 In adults, short sleep duration has also been associated with an increased risk of hypertension in adults even after adjusting for obesity status. 18, 19 In our study of Brazilian adolescents, we found that both shorter sleep duration and increased level of television viewing, independently of physical activity level, predicted increased risk of overweight and obesity and higher blood pressure. As reported previously, 32 the associations between these behaviours and blood pressure were mediated by body fat. Our study therefore indicates that two specific behaviours, increasingly associated with obesity in industrialized populations, exert similar and independent deleterious effects in countries undergoing the nutritional transition.
The main limitation of our study is that both television viewing and sleep duration were assessed by questionnaire in a cross-sectional design. The validity of such self-reported values is difficult to assess, and our index of sleep duration is calculated from the times the participant went to bed and arose. However, random error would tend to dilute associations, and systematic bias is also unlikely given that studies have shown that those overweight or obese tend to underestimate, rather than overestimate, their participation in activities associated with excess weight. 32 We intend to follow up the cohort prior to the end of adolescence, to determine whether the cross-sectional associations we observed hold over time.
Our study demonstrated that sleep patterns are associated with socio-economic indices, with the wealthiest group showing the shortest sleep duration. We consider this association highly relevant to the association between sleep and television viewing patterns discussed below, since adolescents from wealthier families also had significantly greater rates of television viewing. In contrast to these findings in relation to socio-economic background, biological developmental factors were not significant predictors of sleep patterns. Those with low birthweight, potentially at increased risk of the metabolic syndrome, slept slightly but significantly longer than those of normal birthweight, and had lower rates of television viewing. These findings may be attributable to the association of low birthweight with poorer socio-economic status. Maternal BMI, shown in many studies to be an important predictor of obesity, 33 was likewise not associated with either sleep duration or television viewing.
Of particular interest are our findings concerning the differential contributions of sleep duration, television viewing and physical activity level. The inverse association between sleep duration and excess weight level is inconsistent with the logic of the energy balance equation, which would predict short sleep duration to be a protective factor against obesity. In our data, for example, we found an inverse association between sleep duration and physical activity, demonstrating that those who slept less had higher activity levels, which ought to be protective against obesity. However our data also demonstrate a direct association between physical activity level and television viewing, whereas sleep duration was inversely associated with the time spent viewing television. Nevertheless, our adjusted analyses suggest that sleep has an effect that is independent of television viewing, and vice versa. Therefore, their joint effects appear to be beyond a mere 'replacement' of sleep time with television viewing.
A randomized controlled trial in the United States demonstrated reductions in 9-year-old children's BMI, skinfold thicknesses and abdominal circumferences following an intervention to reduce the time spent watching television or using computer games. 34 While this study provides powerful evidence of a causal link between television viewing and obesity status in this population, generalizing these findings to other settings requires caution. More than one putative mechanism whereby television viewing is associated with obesity has been suggested, and developed versus developing countries may differ in this regard. Several studies have shown that metabolic rate during television viewing is particularly low, 35, 36 indicating that being awake while viewing television does not burn many calories. Television viewing has also been associated with indices of metabolic risk in children, independently of other components of physical activity. 32 Since sleep is required for normal regulation of satiety and appetite, by the hormones Sleep, TV and obesity in Brazilian adolescents JCK Wells et al leptin and ghrelin respectively, 3, 4 replacing sleep time with television viewing time may generate a link between a specific behaviour (television viewing) and increased hunger levels (through the action of these hormones), independently of more general aspects of activity level. A recent study found that having a television in the bedroom significantly increased the risk of US children being overweight. 37 However, it should be noted that high blood pressure (associated with body fatness) may itself reduce sleep duration. For example, in a study of hypertensive children, the condition was associated with difficulty initiating sleep. 38 Thus, there may be a positive feedback association between obesity/high blood pressure and short sleep duration. Our study found no independent association of sleep duration with blood pressure once activity patterns and obesity were taken into account, suggesting that being sedentary and/or obese is the pathway through which sleep duration operates on this outcome. These findings differ from those in adults in whom short sleep duration predicted hypertension independently of obesity status. 18, 19 It may be that additional pathways linking sleeping patterns and blood pressure only emerge after adolescence. However, it is possible that individuals adopt habitual sleeping patterns during adolescence, hence short sleep duration may initially predispose to obesity and then impact further on blood pressure as individuals attain adulthood. Such a pathway is made more likely by the difficulty of successfully treating adolescent obesity. Furthermore, while little is known about the degree of individual tracking in sleep patterns through adolescence, an increased level of television viewing in adolescence has been associated with sleep problems in early adulthood. 39 In conclusion, consistent with other work, our findings support the hypothesis that sleep patterns are associated with indices of metabolic risk during adolescence. Importantly, neither sleep duration nor television viewing was associated with maternal BMI, identified in numerous previous studies as the primary risk factor for childhood obesity. 33 Thus, these behaviours appear as an independent set of risk factors for excess weight. Our findings imply that public health interventions promoting increased sleep through reduction of television viewing may aid in efforts to reduce the prevalence of obesity in this population, acting through two independent pathways. However, intervention studies promoting sleep duration are required to confirm whether observed cross-sectional associations translate into a causal relationship. A randomized controlled trial conducted on 173 women aged 50-75 years found only limited evidence that increased sleep duration altered endocrine profile. 40 Further such studies are required in younger age groups. b Adjusted for child sex, birthweight, birth length, maternal smoking and alcohol intake during pregnancy, maternal prepregnancy body mass index, socio-economic level, physical activity patterns, and systolic and diastolic blood pressure.
c Adjusted for number of hours of sleep and all variables mentioned above.
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